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(54) COMPOSITE HIGH STRENGTH MATERIAL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce an Al-contg. 
composite high strength material of high performance 
combining superhigh strength which has not heretofore 
been attained not only in the case of Al alloy wire rods 
but also in the case of bulk materials, ductility and 
toughness. 

SOLUTION: A powdery mixture in which Nb powder is 
almost uniformly dispersed into Al powder is prepd., and 
this powdery mixture is compacted to form into a billet 
2. The billet 2 is inserted into a pipe 3 made of pure Cu, 
solid rods 4 made of pure Cu are inserted into both ends 
of the billet 2, which are sealed, and, after that, swaging 
is executed until the diameter of the billet 2 reaches 20 
mm- > 2 mm (wire rod) at ordinary temp. After that, wire 
drawing is executed at ordinary temp, to obtain the 
composite high strength wire rod. 
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(57) [Kfc] 

[buh a i &&mmc.v-eizrj: < ^ »tm«d« 

yh2i-TS. CODtU v h2«r*i6Cu^^-'( , 7"3fCJ¥ 
At. tl/j h 2W*(c«Cu«©«|>||»4*#Al/-C 
^fiKfcurfcTU? h 2<DttM&2 0 m 
m-2mm (fil**) £&££fX:t-^> yflOI-TS. 
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1 

nmm 1 3 fflttimiDMiSftfcc tic* oaixb 

A 1 *^tf^J;!5^-5.StB*tcBCC^JSX«BCC 

[It*n2 ] A 1 XtiA 1 *#tr££©ffifc£«CS£U& 
lr>«fiEr. fjfSA 1 X«A 1 £it?tr^£:i: 0 <ci«|ffl 
m^K. B C C ^IXB B C C ^K«r#t?^«fc 0*4 

XfctA 1 *dtf^<fcOtt*«ffi«t>«:BnEBCC*MX 

tt©$ii*:*z£„ 

[f«jj?JS3 ] jmmfsmi'tis.jL.mt* aixbai* 

*4<h. BCC£IRXttBCC£ffi*^tf^£©j5ttt*. 

c sjsjag 4 ] i*iB&jffittffedu:«ti . x ^' u- 

-5**^3 9 A 1XBA 1 £#**-&#© 

*tft*«fc BCCsfe«X«BCC£ 
)S*#tf^#©.^tt«fc 0 ffi/BtmisPS^l* 

[rt*i5 ] Bfrias^^xfiii. a i fflx«A i 

£#t?^fB©y ^+fS©*CCBCC^)SXWBCC^ 
«**tf^<D»* J: 9 tt *JR-tHffltm*iaA U Sir 

ib^ f *fStcawfcStt©^ffi{c. mnzm-mmmm* 

SfT -5 c £ tc J: 0 ff 9 fS3j?Ji2 S3*8©1g^iiS?&K*f©S! 

iE«g©a^^a«x«si3Rw 2-5 ««: 

7 ] mneaBttinKc j: o maiiAwc^x. •& 
ansa* 2 «±-c* * is^^ i etsoateff&istf x» 
%mm2 ~~ 5 ©i>rn*>— 3i«ciat8©a^sf5ssw©$« 

[ 8 ] WIB»— tBOfflttttlxao^W*** i 
[IS>J9® 9 ] (tra^-tH©SttJJDX^©¥^IIfflPS*i 1 

o /i mttTt?*^!**^ i %m<Dm.^m^m^mm 

m 2 ~ 5 ©C»rft*>— :«tci3t8©1g-£iS5aS#©!g£:£ 
(000 1 ] 



(2) ftffl 2 0 0 0 - 2 3 9 7 7 2 

2 

[ftwom-rhimm? 3 *^bj«. ai (t^s^ 

*M«i»-C»*IBtS©tOT«b<Ofca>K. is 
St8j§* s ffi'C^^' : W3§ (face-centered cubic lattice, 
BSbTFCC) ^iS^H^FCC^JiiiaU fSJI 
jgjgAS&'frSL^f&sl (body-centered cubic lattice, 

bsl-cbcc) ^i-s^n^Bcc^niia-rcitc-r 

-5. 

[000 2] 

io m&omffi] §mttm<Dfm-cit> ersm. 

fliX*- flo- Kfc<t. ?IS6?SS : SfcGPaXlJ-e-tUU 

0. t,>-rn4>'»7-JUafflfiS©4>©7!»i||fl|K«-tf6n-C 
c^ 0 chB, ^^©iS^JKttrosefttfifgit^ft: 

[000 3} A 1 RO'A 1 ^fe©»R-CB. 

bfc^-C 1 . 3 G P a fcLh© y 6*VC 
OS (#±BJX. If*® : 4 2« ( 1 9 9 2 

20 ¥) . 2 991). {IU CtUi. fa-j^iiiS 
&£"CtJ:-5>fc©-C*9. JI3 1 0 ymilOlIt, 4b 
^fflj£fciiS©5fMvf < Stt£tt8|e-C«fljtt«>a) 

"C*-S„ Ctl6«WB, i?f<DAlW©»SB. US 
<?0. 2~0. 3GPa(cM^f^l<^ Cft«. ^JU?© 
iB* i? » 5)1 5 >^f«c <*f©iS«SW©5fiS©*^«Cfe?« 

A 1 ^©^-If-C. ^*^^©5S«*L-©<'<t 

[00043 

30 [jmtflHfelsJ:9&-*-SIM] ^»^J5: 
i*©SS<b*<iitf^4-. gfCiaa^MEltti V 
•C. */cjl«iKfti-©*S@a©«fiB144«IAfc*m<i: 
bt. A 1 ^'^©^©^©--XtJSfe-C^t 

ffl(t&UTOS©#3i!tK-c&-&. -?-©{fe©A 1 SW©* 

[00053 cti*fl?9iT^< , -gptca. KfbSXft 
40 i*©*?;^ xaMlttHt-c^ f b b teSoA l *8tt©P3 

g^feis. sma^. mh#*. sm*. 

at : B*&JS¥£mm*&mmwtmm (i 998¥>s 

2 0 1M) . LfrbUtfih . C©#S-C«g!SCCiS5SS 

x^m©Pflii^-c"r . < ttft «:& a a ^?sk*« 
so i mf*©«^iibfi?L/-r^*<^sc<!:{iSmtc^ii]§ 



(3) 

3 

[0006] &&w<Dm&)te. mizmm&ffi&iO. a i 

*miXte< 0 mtfrh. AlilUDFCC 

icmtmxzm'rc tic**). m&&&&m-?*>ctte 

0. 5%r, ttttSfflJEl. 19GPa^MLtC^ 
(Applied Physics tt, 4 9^1 ( 1 9 7 8^) ,603 
lH)o Sfc. S.Pourrahimi6«, Cu^iNbSJ 

tl. 4GPagS[OgiSB?Sa[*»rc^ (Metallurqi 
cal Transaction 2 3 (1 99 2f) , 5 7 

3H> - 

[0008] b#>u&#e>> ctx^t±xFcc^m 20 

<»«•»») ibt, BCC£M<fc^fc«#*T* 
Cu*m^tci><DXib*). Al«:I*<!:t-5fc©'Ctt& 

en^o/ci^^, a 1 ttritttt^mr**), 

fZtctb. mftMLtcimXA 1 *{CBCC£IB*fl« 

tt#«l«{b^«5**tf a 1 mttwmistct ur^>, ^ 

a, Itt^t^Sffi-C*^ A l Xtt^©^«±tCf&I± 30 
[0 0 0 9 ] 

Ktca^r, a (»*i<«w^ta) ©ffl 

*«C. BCC£JS£^t? <»*L<a*&«fc*5> »X 
tB*$M»3i* Cti* (Sf*L<«^@[(D) OttftlXK: 

[00 10] ( 1 ) attJpx*J»S*ifcCi«:j:OA 1 
XteA I ££&MJ:9tt&mB*KBCC£IIIXI£B 

[0011] ( 2 ) a 1 x« a 1 *&t&&<oM&tcm 

BCCilX^BCC^I^tf^J: 50 
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fpjssxai, WEaj^*attftn:r*ct«cj:o, a* 

ISA lXttA 1 *dtr^J:9tt**«*«:|MBBCC 
*MX« B C C #Jg ^rStff^ J: 0 &fgXtl£ ffi#Hi 

[ooi2] ( 3 ) m&mf&Wftmxmte. a i x«a 

tt*Xtt«HT*C<fcCC<fcO*f5fJK (2) <Dffi£ft% 
[0013] ( 4 ) OTSBjSfififftffiflEXStt. tttttt (* 

B C C#IX(i B C C&H«dtr ^<Dj5ttf*<fc 0 tt * 
»xfflHitm i b r JBR U fcJl W»Xtt> * * 

[0014] ( 5 > ureajieHffjsxsa. a i 

A 1 ^^^fflOO^ ^*fSO*tCBCC*WX«BC 

U OTB^v+ffiCcawteawoRlfK:. ErfflSrxffiJB 
^Wil/cA 1 XteA 1 £dtr£d<fc 0 t&ZJ v * 

»*»fijs-r*cicc<fcoff ^friB (2) oa^is^sw 

[0015] NES^R ( 1 ) - ( 5 ) CCtoOvc % sis 

nr. «», *nw, ss». *«sx5ag« 

*#iiftixffi*-*it-^Ti»li**«c«fcabrc»*. 

[0016] r A 1 **tJ^J itt, A 1 fc^HWCC 

*K A 1 *d>tt < <b fc^c^tO — 3i Ut^C i*«Jff 
* L < , 5 h fC A 1 <D^mm&'£&7vm<D 5 % XWckX 

&2>ctt>m*ui<K maxfik-rt, ai©m$»3 
oKa%fei±r*aci^»*L/<, 5 0ii%a±r 

3^3 6CC>7SUC». rAl**tf^j (C*5tt4AlJia 
jW>^«X«#*)«W. »«CR3eStlttl»#, Cu. M 
g, Mn, Si, Ni. Fe, Z rf^T^Ci^ 

Tc^cDC^ti^^^, ^Affl»tt»CC|HffiStiftCi 

^f^ro< 4fecr>r4>. cti6coffl^t>#r4>J: 
to . r a 1 xttA 1 *#t^3fej ©etBfflttfsftt, - 

[0017] rBCC^JHj «F5£©^«fC|B^3ti 
Sfc©TW«c< , N b, F e (ft) , C r (^OA) % 
Ta (£>£;U) . Mo (^&';^f r >) XteW (^>^/ 



5 

O Nb, Fe. Cr, Ta«, SlSfifcl±©l£C>aS 
(2) */c, Mote24°C, WB34 1W *tl-etlB 

© s/c, «««*6«»#ifi*rcDiBi'cataaipxtff 

^i«^"C^, Nb, Fe, Cr. TafiCWt, X# 
[00 18] rBCC#«*^tf^J <t«, BCC^ 

ut^tfci^K, se>ccBCC£«<D^r*# 
^SS^Hrs^^c «b W^! ICi. Affirm 
"Ti. BCC<D^W*tt3 0fffi%tJ-t~C#>£e 
£G<, 5 0»»%fcl±r*4Ci3^3 6CC»*L<, 
7 0»a%«±"C^>^Ci^$6CC»^bC^ TBCC 

♦SCcRRjeStiftt* <»W^bftl,>fc<DTt>. H»f**o 
^to-&rfcJ:iO o rBCC^«x»BCC^«*stf 

©»-«ffl*mtt % -arwi^, x*t«±£ 

[00 19] rA 1XBA iOftSSfi 

mvmt. rBcc*«x«BccABi**«F^Aj <t 
8»nc»uri(r#*«fflr5%Lfc#iiiik"C, 10 

0-0. 5 : 1 sWff* L< > 3 0- 1 : 1 #3 6CC#* 
U< , 15-3:1 

[002 0] £/c, r A 1 XteA 1 ^r^O^J JcOft 
£Stlffi*tf4£ , r B C C^mXteB CCil^^ 

AaFCC, ^^A^tST- (hexagonal close-packed 1 
attice, BSUTHCP) 9) <D£Jp|, ^Sffflftl^J, -fe 

imoWSK <!: £ 9 ft **=SS^*t*4 ( W*. « *«»v 
•tmXttffittflO *. r»Wfc«*LX«a«3ti* ; 

[0021] «iia#s ( 2 ) ©«jsB*fi9sKi:a«:*i» 
r v r a l x«a l *ftfe^©lt£K:»Uttc>«i£j 
<b-r*(DW, ffittft^isr^^A i^au, fl&©#« 

/c&T&O, *©«jS«^CCj:0i«fi^**3&^ W*. 
K6 6 0'CgKT?*S. flU CCDSSte, »SU<« 
3 0 0 'C«Tr * 0 * 5 hltCtftt KB2 00 m OUTV 



(4) «pB82 0 0 0- 2 3 9 7 7 2 
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fflRfc J: 0 # * - 1 9 6 'CSff^JHSIW-C* 0 t 

[0 02 2] HUfB-^a ( 3 ) CCte^T, rdStt*, 
f*X«ffit^t*J itt, S^, ttSSXtt«»#"JtBttB# 
JBSR-C**. <Dtt-¥\ <2>^i»t*, S&fc 

Ml. m»i^cD««», X«»B, MHK. «nB&«tl 
^cfc5Wgl<«T«f©ITO (MEW) *«* 

i»aaB«d- i rtj:i>o 

a : jfitM* <fc 0 ft £ WmWRttitittt* 9 ft*^Xffl 

b : «Wf*ct 0 fca««ffltm<fc8ttf*<fc 0 ft£ISXtB 
fflf**4<fcOiB^X»IS«. 

c : Mttt*J: 0 ft*SffiBtW£ffittttJ: 0 ft *^Xffi 
d : £ttft J: 0 ft*«ffi«*«4i««#J: 0 ft*f&XtB 

f : 0 «C*«fflffl«» t iS«(*<fc 0 ft **— « 

8 : »K# <fc 0 «c*««ffl«f4<tffltt#J: 0 ft£fftX*B 
h : Bflttf*<fc 0 ft*«««t«*i^tt#<fe 0 ft&fUXfi 

i : ®«ttJ: o ft zmmtmtmvtteJ: <o ft^nxta 

^tottftiO, »R#iMf«fti*jH*^*>*fcO. ^ 

[00233 Wia^S (i) (2)«c*jor, r^ttJn 
xj o>*ffitt, wciwesti-r, ^x-^>y»px, « 

3IJEX, fflfflttJX E^ttlX, iSi^ttlX, ?|»JjnXft<b' 

* e */c cneojpx©— x®«±^ 

[0 0 2 4] r^tt/joxj *ff9«K4urtt. Ba^o 
fiSCCcfcO rA lXttA i *4tr&&©Mj5te*t>ac> 

CD »*L<«, fflt»S rBCC^WXWBCC&R* 
50 *Tft^>^, WittfBCC^BiL/r, *SNb*ffll>S» 



1 °CW±rtf ^Ci^cfc^o CQiaKte:. BCC^SCD 
O r a l XteA l *$tp^j *k:&&IIKcd 

KMC*:** 0 f a 1 X«A 1 j • 

99. 9%aT©Al^iC^l|^ ^fiEfttt^ 
Mtt2*<0»tt*J»tfSfc«>. 3 0 0 •CfittaTrW3» 

[0025] raw-jnxj \mm<omitmxim* l 

< , ^ttflUXCC J: rj iSfi»»CC#^ &ft]XM&i 2 fcLtT * 

<t#^3tttcctfc#r*s. */t, pjjjnxste i o « 
±r&sc£j&*<S6Cc»*oi>. ctitt. l 0H±it 

z>frh-c& Zo hi»ixs* 1 2 «±<t tna, r b c c 
[oo2 6]iwa*s<i> (2>cc*jt>r, 

[002 7 ] rBCC#KX«BCC£JR£S*f^J 
tt. 0/im«Ttft4C4W»U». Cft 

arxtH** r a 1 x«:a 1 **t*^fej costB^cDfefiio 

*£i&<DP$# t ft D , *J^5&Wlfit® A 1 Xtt-C-O^fe 

[0 02 8 ] *«IBK:ct*tm©38tt«3B««tt* 
5fitt#[0 1 1 ]*ifij«:W«:iBiPiu/cBCCttartt, 

4^CD< 1 1 1 >"r^0^<Drt, 2-o<Z)##W;U**B 



(5) «fH2 00 0-2 39 7 7 2 
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r£ttL«:C^c<t(cJ:a. FCC^ir^AlX 

ttAits^nt aw4jpx*ff9 

4. fir, r a 1 XttA 1 ctoassta 

*{t, rBCC^XttBCC&«*r*t**#J <fc«P& 

tttf^tBAtta. *fc. iaa©J£iBfe*fcsrr. are 

[0 0 2 9 ] 

[myomtfoDf&m *mm<Dmmc%tc^x\z. -x<o 

( 1 ) A 1 XWA 1 *dtf64©»*J;0ftS»««» 

*4<b b c c £mxk b c c ^m^t^^<om^<k 0 & 

h*^«^w^oc»AbrfflHiJpx, ixsflax. x 
x-y>y3ani. *3ianx*-c«tt, «w. fit* 

(2) nre ( 1 > ^raaotruy t-z. m&mmMi.* 
fflsftnx, ^i-^>^JDi, S3i»nxi?rsw, * 

(3) NIB ( 1 ) <tHS©«^»5R*. ^K^V^S 
AC WtHflnX, EJ£»DX, ^*-^>y»x, in in 
x»r«t*. fi««i-r*««. 

<4) WIB ( 1 ) 4|5J1iC0t*U-> h^r, ^«««C«*. 

(5) me < 1 ) 4H«a>»d»**, ii:«H5iflnxr 
40 m«t. «», «»• st«fr*«a. 

(6) me (i) 4hwd^i/» h^t. a««JStttrr 

*»t. «t#. «». MM, Sa=^7C^**^<b 

(7 > me ( 1 ) tra«©iB^»** fc a*«aapxr 

M*. MM, SfflH^TC^ttW^i 

(8) mfia ( 1 ) £fflffi<Dt:\sv ECAPffiCCj: 

50 ?L (Channel) «ji 0T*W*»WHL. ft* OUT?** 



(6) 

9 

Valiev, E.V.Kozlov, YU.F.Ivanov, 3.Lian, A.A.Nazar 
ov, and B.Baudelet: Acta Metal 1. Mater. It, 42t 
(1 9 94¥), 24 6 71), ECAPffiTtt, fi^S 

( 9 ) »8B ( 1 ) - < 8 > CCfctt DTE 

do) flats (4) (5) Kte^r, «tt4»a-rs» 
t^, tt9XLSfc«£]Efi (fflWJSL itf* 
*, SSt5* : B*#)S^#S»!A^«?SliJES, 1 9 9 
8*£, 2 9 51) «C<k Ofi*tCC«flnX«:JS^««. 

(11) X^l/-f^>3>ffi^i'K:<fcO A 1 

U *©BttftXtt^<^^«:frfB ( 1 ) - do) 
fcJ:9tt*MttttX*«IU-C*JiJtrSJBW. 20 

(12) A 1 fflXteA I *#tf&£IB<ZM ^ ^*8<E>4HCB 
C C B C C ftJB**£*^&<D»5fc <fc 0 
ffllHtm*HAU KE^^ 

CC, WE»-«fflt«*^«Uft:A 1XBA1 

(i ) - do) r»tffcj:5a«««ffi!iiix*«iur» 

[0 03 0] 5 e>CC*«W***ftOfcHS6« 1 MK 

[HJfcfll 1 ] *6fi9 9.9%, ¥«J«HS2 7 MflKDJfCft 30 
7<rt> 5 tt»tt A 10 0m m«Tf«MR l/fc*6 

£9 9. 96«Ol/7yjr^i'taiNb»*4*, » 
SiitrAl :Nb=4: 1 ttt& J: 5 VBflteWcJ: *) 
Sfir 3 0 flfliS^ L, A 1 N b »5K3&iH5ift— 

Ma) K^-riscc, TJ*x?~wjm&tmmic£*) 

ME.fi 1 1 8 MP a "C— *HDI»fiS» U HI 
(b ) KItSTJ^OC, i£g#)2 0 mm, i63 2 0 mm® 
bU*h2 <«JSEIM>— ««) iUc 0 COtU-/F2 
H2(C7STJ:5K:, BCu«/W :/3K:#AU b 40 

fcfg, Stffltt:*$<,>TbUy h2<Difi@#2 0 mm— 2ro 
m (M*) 4tt**"C^i-y>^XLfc. fib, ^> 
-MZ2 Omm— 1 8 mm©*fiJC0^x-^>y©»{c 

[0 03 1 ] tOft, RID<«ffl«:*JC»r«?lftnXL/ 

(H^Bg) > «#*B©Cu*Wiiri»*urwiS« 
U WCu^-fy«c#AOr«l9lilOfl9l*liOiB 

tl (SMbtB) iA 1 J: 0tt4WBcDttl(|flDafcMMt*H so 
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[00 3 2] 

[»1] 7? = 1 n (AO/A) 

[0033] CCr, AO «H5»JiEK«<Dtf lsvh2<D 

hfc«iW+a>l«jj»B*Jai*te«e>, xj»H*r*ff^fc. 0 

3 (T) , (-O , <■>) **ve*in=5. 4, 1 
0. 5, 13. 0OSB*-caiXL^Uia»©«tBrffi©5 

# A 1 r & -So JOXsWMtT* iNb tftiF- jMB*HM» 
^fCftSt^Ci^^. 77=13. 0CDp3P§~C, 

Snm4*C«j>lt^-5. £/c, H4CC«. 77=13. 
0 ©SBcoattoaKi 5: * nffl^^r^To N b tt#H* 

H50ctt, 77=5. 4 0»HO«»(DX«@»tIS« 
ft^ti/cf-^BC^TtifcA IRO'Nbm*© 
b- ^ ^ctBS L , ^JSfSHt^© b- ^ «|gg>*> ft&rf>> 

^r4C£#tt«r**. H6CC«, flnx^£3l5^ 

cctf^u, 77 = i om&zmz-zt. z btcmiLttctism 

U/c 0 77 = 1 3. 0 ©SPB-C«. ^l3M^Jgr3 4 0MP 
a^t#^n/c 0 77 = 1 3. 0<DSBfT?«» Nb7^^ 
>h<D»*. IBINI&f). Wt3 0 0nmS«tftr>t 

[0 0 34 ] [HJ£WI2] iWS9 9. 9 9%, 
2 7 MmOOm#r;U^aii*«A 1 100/zm« 
TCC^Ml//c*«JS9 9. 9 6%CDUT^^ U v ^?±S{N 
b»*i*. »»JtrA 1 : Nb = 4 : 1 ift4i5V 
MS^«tC <J: 0 flSHftr 3 0 &mM& U Al *»^*CC N 

^«95K1*. HI (a) CC^-Tci:^^, TA^^-M7J 
t&KIMKc <fc 0 ffit JDE^ 1 1 8 M P a -C-#HI9fiS 
rBb, HI (b) GCTjVTcfc^c, IS^J2 0mm, ^5 
2 OmmCDbU ^ h 2 ilfc CC0fP> h2^r, H2 

SCC*jt*Ttru-> h2(DfitS^2 0 mm-* 2 mm (H 
2 0 mm— 1 8mmCDS»J(D^x-^>^OSCCiRn/c 



(7) 



11 



wis? b2mmmcum<D^pmn4^wxbx^- > 

•*JW«:«**«c^r*»u, ffi^xoc<fc*»||&©lE 

[oo35] mmm i iisjc < sia«c*ji»r« 
mrxo . box u ^ ^K»Aut«? i i t» 5 nan* 

aoarcir, «^»*©Hfl: <»*B2;©S!^) <t 
mmtc. Nb J:0tt*»— « (SBffcffl) <bA l iOftS 10 

SittJPX^r * ft < ft 0 , 2 5 0 °C-C 5 H$ffl<Z>#&M£i31 
£S£G/c 0 Z<Dtctb. 77=14. 6tX>K5flPXSCOaB^ 
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: [0036107, 13 8 77=14. 6 ©KflgSrfln 
B<bfe«^>or*5 0, «»«:Nb<fe0tt4*rtB©attBI 

mw**j5Eu/cisar*s. 77 = 5. 4©a»"CK 

Ccff^. fflHifel wm*TlIo-C*50, 77 = 1 4. 6 
©R»-Cttl*r*i«> 2 1 OnmMotlriS, C*x6te 
WflW***^ *fc8WB^af7b^:««r«. 77 = 
14. 6«tNb7^7^>h0f^2 2nm, Pal 
fi§ 3 9 n m t , fisfftffi tmffi&mm~C ftX^^Ctffit> 

[0 0 3 7 ] 
[*1 1 



#11X31 r; 


5. 6 


10.4 


12.4 


14. 6 


(Mm) 


7.7 8 


0. .6 9 


0.3 8 


0.2 1 


MRS Urn) 


15.4 


0. 84 


0. 48 


0.2 1 



[0 03 8 ] 09&U3:, 7?=12. 4SO'U. 6<D|2 

Bowt©xiiia*f»***-r. weti**-***, c> 
com o . - o©a««*s«4Wi o fffi-r £ c <t 

&tcm 1 l«:»»XS<k5ia3ltt©H«*^L 
rc. ^X^<Dt#Mcf*i^^^--x^$S:^I^Jg^ 
»*eciftt]U 77= 1 OfIg£Mx.&<!:, SfcteStfKc 
7?=14. 6 0g»ttt, 3ISR5Karci0 6 
3MPa«6n/c 0 

[0 03 9] *E£9 9. 9 9%, 

2 7um©*#TJl'3ai»fiA l»*<t, 3 8 u mHT 
CC»Rl,te*6tt9 9 . 9%<DS*«a{t^iFI2^f»*«F e 
ttUtifrCA 1 : Fe = 4 : 1 <fcft*<fc5V3S 
«^««cJ:f3War3 0»iaia^L. Al©f«(cFe 

EH 1 (a) fcSVTJ^ec, TAX^-M7Jtl 
i^^tc<i:0SSrjjaE^l 1 8MPat-iE» 
I, 01 (b) tCflVTiSfc:. ifigtt2 0mm, B5S3 
OmmOfcTU? h 2 <b L/c 0 CCDfc^U^h2£, 02CC 
TjrTJ:^ ttCu»^-f :/3tc»AU fcTU*h2W 

CCtel>Tfcru* h 2(OtSiffi2 0 mm— 2 mm (SW) 
i^C^^-CXi-^>^aiU/c B {IU i/-W2 0 
mm— 1 8mmCDft»7JCDXJ.-^>^<oaK:SKtl. 



SlJraxu flavins > . «s#*iBa>Cu*Wifc'ri»*Lr 

BttJRU »OfCu^V^«:»ALrtB5liC^f13ll€: 
30 SJgXtB (Stf fcffi) <b A 1 £ 0 ft &Sffi©ffi»<0»ttMb 

[00411012, B13«, 7?=14. 8 ©SB* 
r^XL//c«g«0^n^nfttBTSi«»rHO^ *P«B* 
"C*0, fiC><bC6^FerA0, Hl><t C 6#A 1 r 

s»xss»ox«Ei«T#s**s%-r. »6tifctr-^tt 

^Bjcotf-^«ffi«)6n&^ofc. xo 

4 0 toXEiK»#-X«3©ia«*. * 

/C0 16CC5J, ttIXMi?l5g?SSOB8^*7^L/c 0 JDX 
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flDLTl**. 77=12. 3(D©P§r«, mm&&v2 3 
OMPaWien/c. Cti«, Hte«K 2<7>ffll<tO« 
/J>Sl>fc©C!X *BA 1 0MPa®5{^l>fflr 

-So cnii, hi 2, 013, a i 4 r*»?BrjBf#-r 

77=14. 8©SBt« t 3 1 = 

12. 3©R»«tofiTLr^*. cn», *attf«sn# 

[0 04 2] [HtKM4] ttEC9 9. 9 9%, 
2 7 am©*j*T^5tt»ttA 1 3 8 u m&CT 

CC#»0/c«K9 9. 9%©I/7^^y-^WfiCr» 
3£<h£. ftSitrA 1 : C r = 4 : 1 i64i5VSil 
^«6Cj:0«iBT3O»na^U. Al»**K:Cr» 

HI (a) CC7jVTJ:5K:, 

mmttx o *»raiE* 1 1 8 m p a r— 

U HI (b) Ccin-rJ:^ic, @ffiKi2 0mm, MS 3 20 
OmmOtru* h 2 <!: t//c 0 C©fcTU*h2*, @2iC 
7jrr<fc5K\ «Cu»W^3«c»AU tru*h2W 
4SCC>BCul8©fpj|«4*»AL/r^wUU^» % 
CCfel^r kTU* h 2 0ttS3^2 0 mm— 2 mm («tt> 

mm— 1 8mm<D*fijCDXx-^>y©aK:5Rti, KM* 

[0 04 3 1-ecDfg, mkMi iBo<*»cc*jt»r« 

SlflDXL (H^K) . «tf*B0Cut««-CttSl/r 

Httxu wcKCu^-f^«:j»Ai/"c»iicofHit 30 

£3f?x*B (3Mb«) iA 1 J:0ft«Sffio«M(9flktD^b 

[0 0 4 4] 77=10. OORBr, CrfittT^^^ 
-*@?£ri 5 OH v, ^*3l3I3ii3 1 5 0MPaW 

[oo45]ftfc, &mmxmzmijmmj&umMm< l c ao 
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[0 046] 

[HI] ( a ) t**»l8fl[)«3l*«ICc*5^r M^tfcfc* 
E»fi»OteU-; hKT*Xfi4)tOTfflKBEL (b) 

[H2] neu? h*^x-5P>y»xr*ia©tw8 

[B3]WWlO«ttt«U (T> , <-f>. 
(-9) «^tl-en7?= 5. 4, 10. 5, 13. 0OS 

[04] 0D< 7?= 1 3. 0 oaPBO»»©«Brffi<D 5 

* afltt*^^*UV9Xr ft *<> 
[0 5][hJD<t?=5. 4 <DSK©«|5f<DXiH0«ftt* 

[16] raD<^WlfcfcW4JDX2i5IS»a©H 

[87] HS6«2 0j»WCC*5liT7|= 1 4. 6©©»<D 

[H8]RD<77=14. 6 ©!9:BO»tt©«l»fffi(D 5 

[H9] RID< 77= l 2. 4, 14. 6©&®W<D*M* 

CHI 0] BIi;<JB»«2«:*jW5aoX24 e?*-^ 

[nil] mc<mmm2ictevziMj:mt^m%L&<D 
[01 2] mmw2<Dtgmicte^x7) = 1 4. scogew 

[H 1 3 ] IUD < 77 = 1 4 . 8 ®fBK®B#0tftKB<D 

[Hi4] bid < m&ttcm-t&Mxmfmvxtmifrm 

[HI 5] HD<S«W3fc*ytfainiS<!: fcr*#-* 

[Hi 6] HiD<jii*W3«:*jwaapxsi5ia5ira[© 

1 »^»* 

2 tf U 9 h 
3 
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-J 10 A 
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